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(57) ABSTRACT

The present invention provides a bumper reinforcement made
of a hollow material, including: a rear wall facing a vehicle
body; an upper wall extending forward from a top of the rear
wall; a lower wall extending forward from a bottom of the rear
wall; a front wall supported only by the upper wall and the
lower wall; an upper reinforcing wall extending from a
middle in a height direction of the rear wall up to a middle in
a front-rear direction of the upper wall; and a lower reinforc-
ing wall extending from the middle in the height direction of
the rear wall up to a middle in the front-rear direction of the
lower wall, wherein: the front wall is located frontward of a
virtual line passing through a foremost of the upper reinforc-
ing wall and a foremost of the lower reinforcing wall in a cross
section.
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1
BUMPER REINFORCEMENT

This application is a National Stage Application of PCT/
JP2013/056544, filed 8 Mar. 2013, which claims benefit of
Serial No. 2012-064915, filed 22 Mar. 2012 in Japan and
which applications are incorporated herein by reference. To
the extent appropriate, a claim of priority is made to each of
the above disclosed applications.

TECHNICAL FIELD

The present invention relates to a bumper reinforcement.

BACKGROUND ART

Each of WO2007/110938 and WO2009/110461 (hereinaf-
ter referred to respectively as Patent Documents 1 and 2)
discloses a vehicle bumper structure which includes a hollow
bumper reinforcement and a pair of right and left bumper
stays supporting the hollow bumper reinforcement. This
bumper structure: absorbs collision energy during a process
in which the bumper reinforcement undergoes bending defor-
mation (hereinafter referred to as a “beam deflection pro-
cess”); absorbs collision energy during a process in which the
bumper stays break into the bumper reinforcement (hereinaf-
ter referred to as a “beam crushing process; and absorbs
collision energy during a process in which the bumper stays
are crushed (hereinafter referred to as a “stay crushing pro-
cess”). Such a bumper structure can increase the amount of
collision energy absorbed while lowering the peak of the
collision reaction force, and as a result, can reduce a damage
to the vehicle body, while preventing malfunctions of safety
apparatus (such as, for example, an air-bag) on a light colli-
sion. In addition, in a beam deflection process of a bumper
reinforcement having a bent portion or a curved portion,
collision energy is absorbed during a process in which the
bent portion or the curved portion is rectilinearly extended.

The bumper reinforcement of each of Patent Documents 1,
2 includes: a rectangular outer shell; and a partition that
partitions the inner space formed within the outer shell into an
upper space and a lower space. The partition is provided
parallel to the upper wall and the lower wall of the outer shell
in a manner to join the front wall with the rear wall. The
provision of the partition increases the section stiffness of the
bumper reinforcement. Accordingly, it is possible to reduce
the wall thickness and thus the weight of the bumper rein-
forcement without reducing the amount of collision energy
absorbed.

RELATED ART DOCUMENTS
Patent Documents

Patent Document 1: WO2007/110938
Patent Document 2: W02009/110461

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

Bumper reinforcements having cross sections like those of
the bumper reinforcements of Patent Documents 1, 2 have the
above-mentioned merits. Those bumper reinforcements,
however, thanks to their increased section stiffness, tend to
provide a sharp increase in the collision reaction force in an
early stage of collision, which in some cases, makes the
bumper reinforcements fall short of design requirements.
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2

It is an object of the present invention to provide a bumper
reinforcement that can reduce the gradient of the collision
reaction force in an early stage of collision.

Means to Solve the Problem

In one aspect, the present invention provides a bumper
reinforcement made of a hollow material. The bumper rein-
forcement includes: a rear wall facing a vehicle body; an
upper wall extending forward from a top of the rear wall; a
lower wall extending forward from a bottom of the rear wall;
a front wall supported only by the upper wall and the lower
wall; an upper reinforcing wall extending from a middle in a
height direction of the rear wall up to a middle in a front-rear
direction of the upper wall; and a lower reinforcing wall
extending from the middle in the height direction of the rear
wall up to a middle in the front-rear direction of the lower
wall. The front wall is located frontward of a virtual line
passing through a foremost of the upper reinforcing wall and
a foremost of the lower reinforcing wall in a cross section
obtained by cutting the hollow material along a virtual plane
having a central axis of the hollow material as a normal line.

In another aspect, the present invention provides a bumper
reinforcement made of a hollow material. The bumper rein-
forcement includes: a rear wall facing the vehicle body; an
upper wall extending forward from a top of the rear wall; a
lower wall extending forward from a bottom of the rear wall;
a front wall supported only by the upper wall and the lower
wall; a middle reinforcing wall extending forward from a
middle in a height direction of the rear wall; an upper rein-
forcing wall extending from a front edge of the middle rein-
forcing wall up to a middle in a front-rear direction of the
upper wall; a lower reinforcing wall extending from the front
edge of the middle reinforcing wall up to a middle in the
front-rear direction of the lower wall. The front wall is located
frontward of a virtual line passing through a foremost of the
upper reinforcing wall and a foremost of the lower reinforcing
wallin a cross section obtained by cutting the hollow material
along a virtual plane having a central axis of the hollow
material as a normal line.

In an another aspect, the present invention provides a
bumper reinforcement made of a hollow material. The
bumper reinforcement includes: a rear wall facing the vehicle
body; an upper wall extending forward from a top of the rear
wall; a lower wall extending from a bottom of the rear wall; a
front wall supported only by the upper wall and the lower
wall; an upper reinforcing wall extending from the rear wall
up to a middle in a front-rear direction of the upper wall; and
alower reinforcing wall extending the rear wall up to amiddle
in the front-rear direction of the lower wall. The upper rein-
forcing wall is located above the upper wall. The lower rein-
forcing wall is located underneath the lower wall. The front
wall is located frontward of a virtual line passing through a
foremost of the upper reinforcing wall and a foremost of the
lower reinforcing wall in a cross section obtained by cutting
the hollow material along a virtual plane having a central axis
of the hollow material as a normal line.

Asused herein, the direction away from the vehicle body is
a direction to the “front”. Accordingly, if the bumper rein-
forcement of the present invention is applied to a front
bumper, the direction to which the vehicle advances is the
direction to the “front”, and if it is applied to a rear bumper,
the direction to which the vehicle reverses is the direction to
the “front”.

According to the present invention, since an unpartitioned
space (hereinafter referred to as a “primary crushing space
V1”) is formed between the front wall and the virtual line (an
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imaginary line passing through the foremost of the upper
reinforcing wall and the foremost of the lower reinforcing
wall), the front half portion of the bumper reinforcement can
be made less rigid, compared to a case where a central portion
in the height direction of the front wall is supported by a
partition wall. In other words, according to the present inven-
tion, the primary crushing space (the space formed between
the front wall and the virtual line) is crushed promptly and
preferentially in the early stage of collision. This allows low-
ering of the peak of the collision reaction force and further, a
reduction in the gradient of the collision reaction force (the
inclination of the collision reaction force-displacement
curve).

Further, in a case where a collision load acts on a location
vertically offset from the center (hereinafter referred to as a
“vertically offset collision”), the upper or lower portion of the
primary crushing space V1 is crushed and thereby collision
energy in the early stage of collision is absorbed. Further-
more, the presence of a space enclosed with the rear wall, the
upper wall, and the upper reinforcing wall (hereinafter
referred to as an “upper secondary crushing space”) or of a
space enclosed with the rear wall, the lower wall, and the
lower reinforcing wall (hereinafter referred to as a “lower
secondary crushing space”) increases the torsional rigidity of
the bumper reinforcement, so that the bumper reinforcement
can bear the collision load even after the crushing of the
primary crushing space. As a result, the occurrences of a
phenomenon that the bumper reinforcement R1 gets under
the collided object and a phenomenon that it rides over the
collided object can be reduced, and in consequence, energy
absorption through the beam deflection process becomes fea-
sible.

Preferably, an intersection of the upper wall and the upper
reinforcing wall and an intersection of the lower wall and the
lower reinforcing wall are located rearward of the virtual line.
Insuch a case, the upper-wall front portion and the lower-wall
front portion have longer buckling lengths and are easier to
buckle. This allows lowering of the peak of the collision
reaction force effectively and a reduction in the gradient of the
collision reaction force in the early stage of collision.

The upper reinforcing wall and the lower reinforcing wall
may be unbent (straight) in cross section. Preferably, how-
ever, these walls are curved or bent in cross section for reduc-
ing the gradient of the collision reaction force.

Further, the entire upper and lower reinforcing walls may
be curved in cross section. This, however, may result in an
excessive reduction in the section stiffness of the bumper
reinforcement and thus in the amount of energy absorbed.
Accordingly, the upper reinforcing wall includes: an upper
flat portion extending forward from the rear wall; and an
upper curved portion extending from a front edge of the upper
flat portion up to the upper wall, and the lower reinforcing
wall includes: a lower flat portion located underneath the
upper flat portion and extending forward from the rear wall;
and a lower curved portion extending from a front edge of the
lower flat portion up to the lower wall.

Moreover, preferably, the upper curved portion and the
lower curved portion are each shaped in an arc curving out-
wardly toward the front wall. In such a case, the upper rein-
forcing wall and the lower reinforcing wall each have a higher
second moment of area. That is, the rear half portion of the
bumper reinforcement is more difficult to crush and as a
result, collision energy absorption in the “beam deflection
process” is ensured.

The front wall may have a height smaller than a distance
from an intersection of the upper wall and the upper reinforc-
ing wall (hereinafter referred to as an “upper intersection”) up
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to an intersection of the lower wall and the lower reinforcing
wall (hereinafter referred to as a “lower intersection”). That
is, an upper-wall front portion (a portion extending from the
upper intersection up to the front wall) and the lower-wall
front portion may be at least partially inclined downwardly,
and also, a lower-wall front portion (a portion extending from
the lower intersection up the front wall) may be at least
partially inclined upwardly. In such a case, the primary crush-
ing space can be crushed in an intended mode and a sufficient
lap amount (contact area with the collided object) can be
secured, even in the vertically offset collision.

That is, if a collision load acts on the upper portion of the
bumper reinforcement by the vertically offset collision, the
upper-wall front portion is deformed to come closer to the
upper reinforcing wall, thereby causing the upper-wall rear
portion (aportion extending from the rear wall up to the upper
intersection) to be deformed to swell upwardly, and enabling
securing of a sufficient lap amount.

Ifthe collision load acts on the lower portion of the bumper
reinforcement by the vertically offset collision, then the
lower-wall front portion is deformed to come closer to the
lower reinforcing wall, thereby causing the lower-wall rear
portion (a portion extending from the rear wall up to the lower
intersection) to be deformed to swell downwardly, and
enabling securing of a sufficient lap amount.

The height of the front wall may be made larger than the
distance from the upper intersection up to the lower intersec-
tion. That is, the upper-wall front portion and the lower-wall
front portion may be at least partially inclined upwardly and
downwardly respectively. In such a case, the primary crush-
ing space can be crushed in an intended mode and a sufficient
lap amount can be secured, even in the vertically offset col-
lision.

That is, if a collision load acts on the upper portion of the
bumper reinforcement by the vertically offset collision, the
upper-wall front portion is deformed to swell upwardly.
Accordingly, a sufficient lap amount (contact area with the
collided object) can be secured even from the early stage of
vertically offset collision onward.

Ifthe collision load acts on the lower portion of the bumper
reinforcement by the vertically offset collision, the lower-
wall front portion is deformed to swell downwardly. Accord-
ingly, a sufficient lap amount can be secured even from the
early stage of vertically offset collision onward.

Although the front wall may be unbent (straight) in cross
section, it may curved or bent in cross section. In such a case,
the front wall can form such a contact area with the collided
object that gradually becomes larger, which suppresses a
sharp increase in the collision reaction force in the early stage
of collision.

Effect of the Invention

The present invention can lower the peak of the collision
reaction force in an early stage of collision and reduce the
gradient of the collision reaction force.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a bumper structure that
includes a bumper reinforcement according to a first embodi-
ment of the present invention.

FIG. 2 is a plan view of the bumper structure illustrated in
FIG. 1.

FIG. 3 is a cross sectional view taken along line A-A of
FIG. 2.
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FIGS. 4A-4H are schematic views illustrating modes of
deformation at the time of a collision with a flat barrier, FIGS.
4A-4D are end views at the center in the vehicle width direc-
tion of the bumper reinforcement according to the first
embodiment, and FIGS. 4E-4H are end views at the center in
the vehicle width direction of a bumper reinforcement as a
comparison example.

FIG. 5 shows a collision reaction force-displacement curve
for the collision with the flat barrier.

FIGS. 6A-6D are schematic views illustrating modes of
deformation at the time of a vertically offset collision; FIGS.
6A-6B are end views at the center in the vehicle width direc-
tion of the bumper reinforcement according to the first
embodiment, and FIGS. 6C-6D are end views at the center in
the vehicle width direction of the bumper reinforcement as a
comparison example.

FIG. 7 shows a collision reaction force-displacement curve
for the vertically offset collision.

FIGS. 8A and 8B are views illustrating a modification of
the bumper reinforcement according to the first embodiment;
FIG. 8A is a cross sectional view, and FIG. 8B is a cross
sectional view illustrating a mode of deformation at the time
of the vertically offset collision.

FIGS. 9A and 9B are cross sectional views of other modi-
fications of the bumper reinforcement according to the first
embodiment.

FIGS. 10A and 10B are cross sectional views of other
modifications of the bumper reinforcement according to the
first embodiment.

FIGS. 11A and 11B are cross sectional views of other
modifications of the bumper reinforcement according to the
first embodiment.

FIG. 12A is a cross sectional view of a bumper reinforce-
ment according to a second embodiment of the present inven-
tion, and FIG. 12B is a cross sectional view of a modification
of'the bumper reinforcement according to the second embodi-
ment.

FIG. 13 is a cross sectional view of another modification of
the bumper reinforcement according to the second embodi-
ment.

FIG. 14 is a cross sectional view of a bumper reinforcement
according to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A bumper reinforcement R1 according to a first embodi-
ment of the present invention is a cross bar for constructing a
front bumper for a vehicle. As illustrated in FIG. 1, the
bumper reinforcement R1 is supported on a pair of right and
left bumper stays S, S fixed to the front ends of side members
M, M of the vehicle body.

As used herein, the terms “right-left”, “front-rear”, and
“up-down” refer to those directions of the bumper reinforce-
ment R1 in a state attached to the bumper stays S, S. That is,
the “right-left direction™ is used synonymously with the
“vehicle width direction” and it is the direction along a virtual
abscissa X connecting with each other the front ends of the
side members M, M. The “front-rear direction” is used syn-
onymously with the “vehicle moving direction” and it is the
direction along a virtual ordinate Y orthogonal to the abscissa
X.

Asillustrated in FIG. 2, for example, the bumper reinforce-
ment R1 is curved outwardly forward so that it has a central
axial line inclined relative to the abscissa X except at the
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6

center thereof in terms of the vehicle width direction. The
bumper reinforcement R1 is arc-shaped in a plane (line) in the
present embodiment, but may be rectilinear in a plane (line).

The bumper reinforcement R1 is made of a hollow
extruded material of an aluminum alloy. The bumper rein-
forcement R1 is curved for example by pressing a bending
mold onto the rear surface of a straight hollow extruded
material which is to be the bumper reinforcement R1 while
holding firmly the opposite end portions of the hollow
extruded material.

FIG. 3 is a cross sectional view of the bumper reinforce-
ment R1 taken along line A-A of FIG. 2 (a view obtained by
cutting the hollow extruded material along a virtual plane
having a central axis of the hollow extruded material as a
normal line).

As illustrated in FIG. 3, the bumper reinforcement R1
includes: a rear wall 1 facing the vehicle body; an upper wall
2 extending forward from the top of the rear wall 1; a lower
wall 3 extending forward from the bottom of the rear wall 1;
afront wall 4 supported only by the upper wall 2 and the lower
wall 3; an upper reinforcing wall 5 extending from the middle
in the height direction of the rear wall 1 up to the middle in the
front-rear direction of the upper wall 2; and a lower reinforc-
ing wall 6 extending from the middle in the height direction of
the rear wall 1 up to the middle in the front-rear direction of
the lower wall 3.

In other words, the bumper reinforcement R1 includes: an
outer shell having a closed cross section (the rear wall 1, the
upper wall 2, the lower wall 3, and the front wall 4); and two
partition walls arranged inside and partitioning the inner
space of the outer shell into upper and lower spaces (the upper
reinforcing wall 5 and the lower reinforcing wall 6). The rear
wall 1, the upper wall 2, the lower wall 3, the front wall 4, the
upper reinforcing wall 5, and the lower reinforcing wall 6
have the same thickness.

In FIG. 3, an alternate long and short dash line L is a
straight line passing through the foremost of the upper rein-
forcing wall 5 and the foremost of the lower reinforcing wall
6 (hereinafter referred to as a “virtual line L.”). A point P1 is
an intersection of the upper wall 2 and the upper reinforcing
wall 5 (hereinafter referred to as an “upper intersection P1”)
and a point P2 is an intersection of the lower wall 3 and the
lower reinforcing wall 6 (hereinafter referred to as a “lower
intersection P2”).

The rear wall 1 is unbent in cross section (that is, extends
straight and parallel to the vertical line). The rear wall 1 has a
rear surface to which are fixed the front ends of bumper stays
S, S, as illustrated in FIG. 1. The rear wall 1 may have an
upper end portion extended upward further than the intersec-
tion with the upper wall 2 and a lower end portion extended
downward further than the intersection with the lower wall 3
(illustration is omitted), so that the upper and lower end
portions of the rear wall 1 can be used respectively as flanges
extending upward from the upper wall 2 and downward from
the lower wall 3.

The upper wall 2 includes: an upper-wall rear portion 2a
extending from the upper edge of the rear wall 1 up to the
upper intersection P1; and an upper-wall front portion 25
extending from the upper intersection P1 diagonally down-
ward up to the front. In the present embodiment, of a portion
extending from the top of the rear wall 1 up to the top of the
front wall 4, a part forming a slit angle of 45 degrees or less
relative to the horizontal plane is the upper wall 2.

The upper-wall rear portion 2a includes: a transition part
arc-shaped in cross section extending diagonally upward to
the front from the upper edge of the rear wall 1; a flat part
shaped like a flat plate and extending along the horizontal



US 9,238,444 B2

7

plane from the front edge of the transition part; and an
inclined part extending from the front edge of the flat part up
to the upper intersection P1. The transition part forms a tilt
angle 0, of 45 degrees or less relative to the horizontal plane.
The flat part forms a tilt angle of 0 degree relative the hori-
zontal plane. The inclined part forms a tilt angle 8, of 45
degrees or less (in the present embodiment, 10 degrees) rela-
tive to the horizontal plane.

The upper-wall front portion 25 is located on an extension
of the inclined part of the upper-wall rear portion 2a and is
shaped like a flat plate. The upper-wall front portion 25 forms
a tilt angle 0, of 45 degrees or less (in the present embodi-
ment, 10 degrees) relative to the horizontal plane.

The lower wall 3 includes: a lower-wall rear portion 3a
extending from the lower edge of the rear wall 1 up to the
lower intersection P2; and a lower-wall front portion 35
extending from the lower intersection P2 diagonally upward
to the front. In the present embodiment, of a portion extending
from the bottom of the rear wall 1 up to the bottom of the front
wall 4, a part forming a tilt angle of 45 degrees or less relative
to the horizontal plane is the lower wall 3.

The lower wall 3 is identical in cross section to the upper
wall 2 when inverted upside down. That is, the lower-wall rear
portion 3a includes: a transition part arc-shaped in cross
section extending from the lower edge of the rear wall 1
diagonally downward to the front; a flat part shaped like a flat
plate extending along the horizontal plane from the front edge
of'the transition part; and an inclined part extending from the
front edge of the flat part up to the lower intersection P2. The
lower-wall front portion 34 is located on an extension of the
inclined part of the lower-wall rear portion 3a and is shaped
like a flat plate.

The front wall 4 is located frontward of the virtual line L
and connects the upper wall 2 with the lower wall 3. A single
unpartitioned space (a primary crushing space) V1 is formed
between the front wall 4 and the virtual line L. The front wall
4 has a height H smaller than the distance between the upper
intersection P1 on the upper side and the lower intersection P2
on the lower side.

The front wall 4 includes: a front-wall upper portion 4a
extending from the front edge of the upper wall 2 diagonally
downward to the front; a front-wall central portion 45 extend-
ing downward from the lower edge of the front-wall upper
portion 4a; and a front-wall lower portion 4¢ extending from
the lower edge of the front-wall central portion 45 diagonally
downward to the rear. Thus, the front wall 4 is bent at two
locations in the height direction.

The front-wall upper portion 4a faces the upper reinforcing
wall 5. In cross section, the front-wall upper portion 4a is
straight and unbent. The front-wall upper portion 4a forms a
tilt angle 05 of 45 degrees or less (in the present embodiment,
13 degrees) relative to the vertical line.

The front-wall central portion 45 faces the center in the
height direction of the rear wall 1. The front-wall central
portion 4b is straight and unbent, in cross section. The front-
wall central portion 45 is parallel to the rear wall 1.

The front-wall lower portion 4¢ faces the lower reinforcing
wall 6. The front-wall lower portion 4c¢ is straight and unbent
in cross section. The front-wall lower portion 4¢ forms a tilt
angle of 45 degrees or less (in the present embodiment, 13
degrees) relative to the vertical line. The front-wall lower
portion 4c is identical in cross section to the front-wall upper
portion 4a when inverted upside down.

The front wall 4 may have an upper end portion extended
upward further than the intersection with the upper wall 2 and
may have a lower end portion extended downward further
than the intersection with the lower wall 3 (not illustrated) so
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that the upper and lower end portions of the front wall 4 can
be used respectively as flanges extending upward from the
upper wall 2 and downward from the lower wall 3.

The upper reinforcing wall 5 includes: an upper flat portion
5a extending forward from the rear wall 1; and an upper
curved portion 56 extending from the front edge of the upper
flat portion 5a up to the upper wall 2.

The upper flat portion Sa is unbent in cross section, and
extends diagonally upward to the front from the center in the
height direction of the rear wall 1. The rear wall 1 and the
upper flat portion 5a form an angle (an interior angle) 6, 0of 90
degrees or less (in the present embodiment, 74 degrees). The
upper flat portion 5¢ makes smooth transition to the upper
curved portion 54.

The upper curved portion 55 is curved in cross section, and
intersects the upper wall 2 at a location rearward of the virtual
line L. In other words, the upper intersection P1 is located
rearward of the virtual line L. The upper-wall front portion 26
and the upper curved portion 55 form an angle (an interior
angle) 0, of less than 90 degrees. In cross section, the upper
curved portion 55 is shaped in an arc curving outwardly
toward the front wall 4. The arc in shape of the upper curved
portion 554 is a circle segment with a center Q1 located within
a space V2 enclosed with the rear wall 1, the upper-wall rear
portion 2a, and the upper reinforcing wall 5 (hereinafter
referred to as an “upper secondary crushing space V2”). The
upper secondary crushing space V2 is a single unpartitioned
space.

The lower reinforcing wall 6 includes: a lower flat portion
6a located underneath the upper flat portion 5a and extending
forward from the rear wall 1; and a lower curved portion 65
extending from the front edge of the lower flat portion 6a up
to the lower wall 3. The lower reinforcing wall 6 is identical
in cross section to the upper reinforcing wall 5 when inverted
upside down.

The lower flat portion 6a is unbent in cross section and
extends diagonally downward to the front from the center in
the height direction of the rear wall 1. The lower flat portion
6a faces the upper flat portion 5a with a distance apart there-
from vertically. The rear wall 1 and the lower flat portion 6a
form an angle (an interior angle) of 90 degrees or less (in the
present embodiment, 74 degrees). The lower flat portion 6a
makes smooth transition to the lower curved portion 65.

The lower curved portion 65 is curved in cross section, and
intersects the lower wall 3 at a location rearward of the virtual
line L. In other words, the lower intersection P2 is located
rearward of the virtual line L. The lower-wall front portion 35
and the lower curved portion 65 form an angle (an interior
angle) of less than 90 degrees. In cross section, the lower
curved portion 65 is shaped in an arc curving outwardly
toward the front wall 4. The arc in shape of the lower curved
portion 65 is a circle segment with a center Q2 located within
a space V3 enclosed with the rear wall 1, the lower-wall rear
portion 3a, and the lower reinforcing wall 6 (hereinafter
referred to as a “lower secondary crushing space V3”). The
lower secondary crushing space V3 is a unpartitioned space.

Next, there will be described a process of energy absorp-
tion in a head-on collision, with reference to FIGS. 4A-5. Of
these drawings, FIGS. 4E-4H are views illustrating deforma-
tion states of a bumper reinforcement R' as a comparison
example. FIG. 5 shows a graph in which the amount of
advancement of the vehicle body from the time of contact
with the flat barrier is plotted on the abscissa and the collision
reaction force is plotted on the ordinate, wherein the symbols
(a)-(h) arranged along the abscissa respectively correspond to
the deformation states illustrated in FIGS. 4A-4H.
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As illustrated in FIG. 4A, when the bumper structure col-
lides with a flat barrier and is subjected to a head-on collision
load in the front-rear direction of the vehicle body, first,
deformation occurs which rectilinearly extends the upper and
lower bends of the front wall 4 that are formed respectively at
the two locations in the height direction (that is, the bound-
aries respectively between the front-wall upper portion 4a
and the front-wall central portion 45 and between the front-
wall central portion 45 and the front-wall lower portion 4c,
illustrated in FIG. 3) as illustrated in FIG. 4B, thereby causing
collision energy to be absorbed. In other words, the slight
crushing of the primary crushing space V1 in the central in the
vehicle width direction of the bumper reinforcement R1
causes collision energy to be absorbed in the early stage of
collision. Here, the amount of collision energy absorbed until
the deformation state of FIG. 4B is reached is the integral
value of the collision reaction force-displacement curve (that
is area o in FIG. 5).

When the collision proceeds, as illustrated in FIGS. 4C and
4D, bending plastic deformation and buckling occurs to the
upper-wall front portion 25 and the lower-wall front portion
35, causing collision energy to be absorbed. In other words,
further crushing of the primary crushing space V1 causes
collision energy to be absorbed. The amount of collision
energy absorbed from the deformation state of FIG. 4B to the
deformation state of FIG. 4C is represented by area {3 illus-
trated in FIG. 5, and the amount of collision energy absorbed
from the deformation state of F1IG. 4C to the deformation state
of FIG. 4D is represented by area vy illustrated in FIG. 5.

In the present embodiment, since the bumper reinforce-
ment R1 is curved outwardly forward (see FIG. 2), the defor-
mation in which the curve is extended rectilinearly (the beam
deflection process) proceeds together with the crushing of the
primary crushing space V1, whereby collision energy is
absorbed.

When the collision proceeds to the state of FIG. 4D, a
majority of the front half portion of the bumper reinforcement
R1 (the primary crushing space V1) is crushed while the
secondary crushing spaces V2, V3 are still retaining their
original shapes without being severely crushed. As a result,
the section stiffness of the bumper reinforcement R1 does not
sharply drop after the crushing of the primary crushing space
V1. If the section stiffness of a bumper reinforcement
severely drops, there is a risk of V-shaped bending in a plan
view of the bumper reinforcement and thus a risk of a sharp
reduction in the collision reaction force. According to the
bumper reinforcement R1 of the present embodiment, the
outer shell of secondary crushing space V2 (the rear wall 1,
the upper-wall rear portion 24, and the upper reinforcing wall
5) and the outer shell of the secondary crushing space V3 (the
rear wall 1, the lower-wall rear portion 3a, and the lower
reinforcing wall 6) act to ensure the section stiffness after the
crushing of the primary crushing space V1, so that the risk of
the V-shaped bending is reduced.

The bumper reinforcement R' as the comparison example
of FIGS. 4E-4H, on the other hand, has a double-square
shaped cross-section wherein a central portion in the height
direction of the front wall 4 is supported by a partition wall.
With this configuration, the collision reaction force sharply
increases in the early stage of collision, and then, after buck-
ling of the upper wall, lower wall, and partition wall, it drops
(see FIG. 5).

Next, there will be described a process of energy absorp-
tion in a vertically offset collision, with reference to FIGS.
6A-7. Of these drawings, FIGS. 6C, 6D are views illustrating
deformation states of the bumper reinforcement R' as the
comparison example. FIG. 7 shows a graph in which the
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amount of advancement of the vehicle body from the time of
contact with the collided object is plotted on the abscissa and
the collision reaction force is plotted on the ordinate, wherein
the symbols (a)-(d) arranged along the abscissa respectively
correspond to the deformation states illustrated in FIGS.
6A-6D.

If a collision load acts on the upper portion of the bumper
reinforcement R1 in a vertically offset collision, then the
upper-wall front portion 26 is deformed to come closer to the
upper reinforcing wall 5 as illustrated in FIG. 6A, thereby
causing the upper-wall rear portion 2a to be deformed to swell
upwardly. In the early stage of collision, the upper portion of
the primary crushing space V1 is crushed and thereby colli-
sion energy is absorbed while the secondary crushing spaces
V2, V3 are still retaining their original shapes without being
severely crushed. Since the upper-wall rear portion 2a is
deformed to swell upwardly, a sufficient lap amount (contact
area with the collided object) can be secured even from the
early stage of collision onward.

After the crushing of the upper portion of the primary
crushing space V1, the collision load comes to act on the outer
shell of the upper secondary crushing space V2 (the rear wall
1, the upper-wall rear portion 2a, and the upper reinforcing
wall 5) as illustrated in FIG. 6B. The crushing of the upper
secondary crushing space V2 causes collision energy to be
absorbed. Furthermore, the presence of the upper secondary
crushing space V2 and the lower secondary crushing space V3
increases the torsional rigidity of the bumper reinforcement
R1, so that the bumper reinforcement can bear the collision
load even after the crushing of the primary crushing space V1.
In other words, as long as the outer shells of the upper sec-
ondary crushing space V2 and the lower secondary crushing
space V3 are still retaining their shapes, the occurrences of a
phenomenon that the bumper reinforcement R1 gets under
the collided object and a phenomenon that it rides over the
collided object can be reduced, and in consequence, energy
absorption becomes possible through the deformation in
which the bends of the bumper reinforcement R1 are
extended rectilinearly (the beam deflection process).

Ifthe collision load acts on an upper portion of the bumper
reinforcement R' as the comparison example, on the other
hand, the upper space is crushed and thereby collision energy
is absorbed (see FIGS. 6C, 7). After the crushing of the upper
space, however, because the bumper reinforcement R' has
only insufficient torsional rigidity, the increase in the colli-
sion reaction force is less significant, compared to the case
with the bumper reinforcement R1, so that a smaller amount
of collision energy is absorbed.

As described above, according to the bumper reinforce-
ment R1 of the present embodiment, the unpartitioned pri-
mary crushing space V1 is formed between the front wall 4
and the virtual line L, so that the front half portion of the
bumper reinforcement R1 can be made less rigid, compared
to the case where the central portion in the height direction of
the front wall 4 is supported by a partition wall. In other
words, according to the bumper reinforcement R1, the pri-
mary crushing space V1 is crushed promptly and preferen-
tially in the early stage of collision. This allows lowering of
the peak of the collision reaction force and further, a reduction
in the gradient of the collision reaction force (the inclination
of the collision reaction force-displacement curve).

Further, in the case of the vertically offset collision, after
the upper or lower portion of the primary crushing space V1
is crushed and thereby collision energy in the early stage of
collision is absorbed, the outer shell of either the upper sec-
ondary crushing space V2 or the lower secondary crushing
space V3 acts to bear the collision load. Accordingly, the
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occurrences of the phenomenon that the bumper reinforce-
ment R1 gets under the collided object and the phenomenon
that it rides over the collided object can be reduced, and in
consequence, energy absorption through the beam deflection
process becomes possible.

According to the present embodiment, the front wall 4 is
formed with the upper and lower bends at the two locations
respectively in the height direction, so that the front wall 4 can
form such a contact area with the collided object that gradu-
ally becomes larger, which prevents a sharp increase in the
collision reaction force in the early stage of collision.

Further, the upper reinforcing wall 5 is formed of a part
unbent in cross section and the rest curved in cross section,
and the lower reinforcing wall 6 is formed of a part unbent in
cross section and the rest curved in cross section, resulting in
an appropriate section stiffness.

Moreover, since the upper curved portion 556 and the lower
curved portion 65 are shaped in an arc curving outwardly
toward the front wall 4 in cross section, the second moment of
area of each of the upper reinforcing wall 5 and the lower
reinforcing wall 6 is increased. That is, the rear half portion of
the bumper reinforcement R1 becomes more difficult to crush
and as a result, collision energy absorption in the “beam
deflection process” is ensured.

Further, since the upper intersection P1 and the lower inter-
section P2 are located rearward of the virtual line L, the
upper-wall front portion 25 and the lower-wall front portion
34 have longer buckling lengths and are easier to buckle. This
allows lowering of the peak of the collision reaction force
effectively in the early stage of collision and a reduction in the
gradient of the collision reaction force.

Moreover, the upper-wall front portion 25 and the lower-
wall front portion 35 are inclined downwardly and upwardly
respectively so that the height H of the front wall 4 is made
smaller than the distance between the upper intersection P1
and the lower intersection P2. As a result, the primary crush-
ing space V1 can be crushed in an intended mode and can be
a sufficient lap amount (contact area with the collided object),
even in the vertically offset collision.

The bumper reinforcement R1 may have another cross
section.

For example, as illustrated in FIG. 8A, the height of the
front wall 4 may be made larger than the distance between the
upper intersection P1 and the lower intersection P2, by inclin-
ing the upper-wall front portion 24 and the lower-wall front
portion 356 upwardly and downwardly respectively. If the
vertically offset collision causes a collision load to act for
example on the upper portion of the bumper reinforcement
R1, then the upper-wall front portion 25 is deformed to swell
upwardly as illustrated in FIG. 8B. As a result, a sufficient lap
amount is secured from the early stage of the vertically offset
collision onward. As described above, also in the bumper
reinforcement R1 of FIG. 8 A, the primary crushing space V1
can be crushed in an intended mode and a sufficient lap
amount can be secured in the vertically offset collision. In
addition, after the crushing of the upper portion of the primary
crushing space V1, the outer shell of the upper secondary
crushing space acts to bear the collision load. Accordingly, as
long as the outer shells of the upper secondary crushing space
V2 and the lower secondary crushing space V3 are retaining
their shapes, the beam deflection process can proceed.

If the collision load acts on the lower part of the bumper
reinforcement R1, then the lower-wall front portion 35 is
deformed to swell downwardly (illustration is omitted). As a
result, a sufficient lap amount can be secured from the early
stage of the vertically offset collision onward.
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The front wall 4 is formed with the upper and lower bends
respectively at the two locations in the height direction in the
present embodiment. The front wall 4, however, may be
unbent in cross section (that is, straight in cross section), as
illustrated in FIG. 9A.

In FIG. 9A, the upper reinforcing wall 5 has an upper part
which is curved in cross section and intersects the upper wall
2 at the same intersection of the virtual line L. and the upper
wall 2. The upper-wall front portion 25 and the upper rein-
forcing wall 5 form an angle (an interior angle) 65 of 90
degrees or more. The same holds with the lower reinforcing
wall 6. If the angle 05 is set to less than 90 degrees and the
upper intersection P1 and the lower intersection P2 are
located rearward of the virtual line L, then the upper-wall
front portion 25 and the lower-wall front portion 26 becomes
easier to buckle, which in some cases, may results in an
excessive reduction in the section stiffness of the bumper
reinforcement R1. By setting the angle 05 to 90 degrees or
more and locating the upper intersection P1 and the lower
intersection P2 at the same intersection of the virtual line L
and the upper wall 2, however, the upper-wall front portion 25
and the lower-wall front portion 35 becomes shorter in buck-
ling length (become more difficult to buckle), which prevents
the excessive reduction in the section stiffness of the bumper
reinforcement R1.

The upper reinforcing wall 5 is not joined with the lower
reinforcing wall 6 in the present embodiment. A joint wall 8,
however, may be provided to join the upper reinforcing wall
5 with the lower reinforcing wall 6 as illustrated in FIG. 9B.

In FIG. 9B, the upper reinforcing wall 5 includes: the upper
flat portion 5a extending forward from the rear wall 1; and an
upper bent portion 5¢ extending from the front edge of the
upper flat portion 5a up to the upper wall 2. The upper flat
portion 5a is unbent in cross section and extends forward
from a central part in the height direction of the rear wall 1.
The rear wall 1 and the upper flat portion 5a form an angle (an
interior angle) 0, of 90 degrees. The upper bent portion 5¢ is
angularly bent when viewed in a cross section and intersects
the upper wall 2 at the same intersection of the virtual line L
and the upper wall 2. The upper-wall front portion 2a and the
upper bent portion 5S¢ form an angle (an interior angle) 65 of
90 degrees or more.

The lower reinforcing wall 6 is identical in cross section to
the upper reinforcing wall 5 when inverted upside down and
includes the lower flat portion 6a and a lower bent portion 6c¢.

As illustrated in FIGS. 10A and 10B, the entire front wall
4 may be curved in cross section. In FIGS. 10A and 10B, the
front wall 4 is arc-shaped in cross section and, of the upper-
wall front portion 26 and the lower-wall front portion 35, their
respective portions joining to the front wall 4 are also arc-
shaped in cross section.

In FIG. 10A, each of the upper reinforcing wall 5 and the
lower reinforcing wall 6 has one bend and is L-shaped in cross
section. Each of the upper secondary crushing space V2 and
the lower secondary crushing space V3 has a rectangular
cross section. In FIG. 10B, each of the upper reinforcing wall
5 and the lower reinforcing wall 6 is unbent in cross section
(that is, straight), and each of the upper secondary crushing
space V2 and the lower secondary crushing space V3 is tri-
angular in cross section.

As illustrated in FIG. 11A, the front wall 4 may be wavy in
cross section so that the front wall 4 can form such a contact
area with the collided object that is small enough in the early
stage of collision and then becomes larger as the collision
proceeds, which results in an increased amount of collision
energy absorbed, as well as a prevention of a sharp increase in
the collision reaction force.
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The bumper reinforcement R1 has upper and lower parts
symmetrical to each other in cross section in the present
embodiment. As illustrated in FIG. 11B, however, the bumper
reinforcement R1 may be asymmetrical. In FIG. 11B, the
front wall 4 includes: the front-wall upper portion 4a straight
in cross section extending from the upper edge of the upper
wall 2 diagonally downward to the front; and a front-wall
lower portion 45 arc-shaped in cross section extending from
the lower edge of the front-wall upper portion 4a to the front
edge of the lower wall 3. In the bumper reinforcement R1 of
FIG. 11B, the front-wall lower portion 45 is configured to
form such a contact area with the collided object that becomes
larger as the collision proceeds, which results in an increased
amount of collision energy absorbed, as well as a prevention
of a sharp increase in the collision reaction force.

Second Embodiment

A bumper reinforcement R2 according to a second
embodiment of the present invention is made of a hollow
extruded material of an aluminum alloy. As illustrated in FIG.
12A, the bumper reinforcement R2 includes: a rear wall 11
facing the vehicle body; an upper wall 12 extending forward
from the top of the rear wall 11; a lower wall 13 extending
forward from the bottom of the rear wall 11; a front wall 14
supported only by the upper wall 12 and the lower wall 13; an
upper reinforcing wall 15 supporting the middle in the front-
rear direction of the upper wall 12; a lower reinforcing wall 16
supporting the middle in the front-rear direction of the lower
wall 13; and a middle reinforcing wall 17 extending forward
from the middle in the height direction of the rear wall 11.

In other words, the bumper reinforcement R2 includes: an
outer shell having a closed cross section (the rear wall 11, the
upper wall 12, the lower wall 13, and the front wall 14); and
three partition walls arranged inside the inner space of the
outer shell (the upper reinforcing wall 15, the lower reinforc-
ing wall 16, and the middle reinforcing wall 17).

In FIG. 12A, the alternate long and short dash line LL is a
straight line L. passing through the foremost of the upper
reinforcing wall 15 and the foremost of the lower reinforcing
wall 16. The point P1 is an intersection of the upper wall 12
and the upper reinforcing wall 15 (the upper intersection P1)
and the point P2 is an intersection of the lower wall 13 and the
lower reinforcing wall 16 (the lower intersection P2).

The rear wall 11 is unbent in cross section (that is, extends
straight and parallel to the vertical line). The rear wall 11 has
a rear surface to which are fixed the front ends of bumper
stays.

The upper wall 12 includes: an upper-wall rear portion 12a
extending from the upper edge of the rear wall 11 up to the
upper intersection P1; and an upper-wall front portion 126
extending forward from the upper intersection P1. The upper-
wall rear portion 12a and the upper-wall front portion 125 are
both unbent and parallel to the horizontal plane.

The lower wall 13 includes: a lower-wall rear portion 13«
extending from the lower edge of the rear wall 11 up to the
lower intersection P2; and a lower-wall front portion 135
extending forward from the lower intersection P2. The lower-
wall rear portion 13a and the lower-wall front portion 135 are
both unbent and parallel to the horizontal plane.

The front wall 14 is located forward of the virtual line L and
connects the upper wall 12 with the lower wall 13. The front
wall 14 is bent at two locations in the height direction. The
single unpartitioned space (a primary crushing space) V1 is
formed between the front wall 14 and the virtual line L. The
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height of the front wall 14 is equal to the distance between the
upper intersection P1 on the upper side and the lower inter-
section P2 on the lower side.

The upper reinforcing wall 15 is a part extending from the
front edge of the middle reinforcing wall 17 up to the middle
in the front-rear direction of the upper wall 12, and intersects
the upper wall 12 at a location rearward of the virtual line L.
In other words, the upper intersection P1 is located rearward
of'the virtual line L. The upper-wall front portion 124 and the
upper reinforcing wall 15 form an angle (an interior angle) of
less than 90 degrees. In cross section, the upper reinforcing
wall 15 is shaped in an arc curving outwardly toward the front
wall 14. The arc in shape of the upper reinforcing wall 15 is a
circle segment with a center located within the space V2
enclosed with the rear wall 11, the upper wall 12, and the
upper reinforcing wall 15 (the upper secondary crushing
space V2). The upper secondary crushing space V2 is a single
unpartitioned space.

The lower reinforcing wall 16 is a part extending from the
front edge of the middle reinforcing wall 17 up to the middle
in the front-rear direction of the lower wall 13, and intersects
the lower wall 13 at a location rearward of the virtual line L.
In other words, the lower intersection P2 is located rearward
of'the virtual line L. The lower-wall front portion 135 and the
lower reinforcing wall 16 form an angle (an interior angle) of
less than 90 degrees. In cross section, the lower reinforcing
wall 16 is shaped in an arc curving outwardly toward the front
wall 14. The arc in shape of the lower reinforcing wall 16 is a
circle segment with a center located within the space V3
enclosed with the rear wall 11, the lower wall 13, and the
lower reinforcing wall 16 (the lower secondary crushing
space V3). The lower secondary crushing space V3 is a single
unpartitioned space.

The middle reinforcing wall 17 has an unbent, flat-plate
like shape and extends forward from the middle in the height
direction of the rear wall 11. The rear wall 11 and the middle
reinforcing wall 17 form an angle (an interior angle) of 90
degrees.

In consequence, in the bumper reinforcement R2 as well,
the single unpartitioned primary crushing space V1 is formed
between the front wall 14 and the virtual line L, so that the
front half portion of the bumper reinforcement R2 can be
made less rigid, compared to the case where the central por-
tion in the height direction of the front wall 14 is supported by
a partition wall. In other words, according to the bumper
reinforcement R2, the primary crushing space V1 is crushed
promptly and preferentially in the early stage of collision,
which allows the peak of the collision reaction force to be
lowered and allows the gradient of the collision reaction force
(the inclination of the collision reaction force-displacement
curve) to be reduced.

Further, in the case of a vertically offset collision, in the
early stage of collision, the upper or lower portion of the
primary crushing space V1 is crushed causing collision
energy to be absorbed, and then, the outer shell of either the
upper secondary crushing space V2 or the lower secondary
crushing space V3 acts to bear the collision load. Accord-
ingly, the occurrences of the phenomenon that the bumper
reinforcement R2 gets under the collided object and the phe-
nomenon that it rides over the collided object can be reduced,
and in consequence, energy absorption through the beam
deflection process becomes possible.

The bumper reinforcement R2 may have another cross
section.

For example, as illustrated in FIG. 12B, the front wall 14
may have an upper end portion 14a extended upward further
than the intersection of the front wall 14 and the upper wall
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12, and may have a lower end portion 146 extended down-
ward further than the intersection with the lower wall 13 so
that the upper end portion 14a and lower end portion 145 of
the front wall 14 can be used respectively as flanges extending
upward from the upper wall 12 and downward from the lower
wall 13. With this configuration, in the vertically offset col-
lision as well, a sufficient lap amount (contact area with the
collided object) is secured.

The rear wall 11 may have an upper end portion extended
upward further than the intersection with the upper wall 12
and may have a lower end portion extended downward further
than the intersection with the lower wall 13 (illustration omit-
ted).

As an example, FIG. 12 shows the bumper reinforcement
R2 in which each of the upper reinforcing wall 15 and the
lower reinforcing wall 16 is shaped in an arc curving out-
wardly toward the front wall 14. However, the bumper rein-
forcement R2 may have bent portions, as illustrated in FIG.
13.

In FIG. 13, the upper reinforcing wall 15 includes: an upper
facing portion 154 parallel to the rear wall 11; and an upper
inclined portion 155 extending from the upper edge of the
upper facing portion 15a diagonally upward to the front. The
upper-wall front portion 126 and the upper inclined portion
1556 form an angle (an interior angle) 05 of 90 degrees or more.
The lower reinforcing wall 16 includes: a lower facing portion
164 parallel to the rear wall 11; and a lower inclined portion
1654 extending from the lower edge of the lower facing portion
16a diagonally downward to the front. The lower-wall front
portion 1356 and the lower inclined portion 165 form an angle
(an interior angle) of 90 degrees or more.

Third Embodiment

A bumper reinforcement R3 according to a third embodi-
ment of the present invention is made of a hollow extruded
material of an aluminum alloy. As illustrated in FIG. 14, the
bumper reinforcement R2 includes: a rear wall 21 facing the
vehicle body; an upper wall 22 extending forward from the
top of the rear wall 21; a lower wall 23 extending from the
bottom of the rear wall 11; a front wall 24 supported only by
the upper wall 22 and the lower wall 23; an upper reinforcing
wall 25 extending from the rear wall 21 up to the middle in the
front-rear direction of the upper wall 22; and a lower rein-
forcing wall 26 extending the rear wall 21 up to the middle in
the front-rear direction of the lower wall 23.

In other words, the bumper reinforcement R2 includes: an
outer shell having a closed cross section (the rear wall 21, the
upper wall 22, the lower wall 23, and the front wall 24); the
upper reinforcing wall 25 and the lower reinforcing wall 26
arranged outside the outer shell.

In FIG. 14, the alternate long and short dash line L is the
virtual line L. passing through the foremost of the upper rein-
forcing wall 25 and the foremost of the lower reinforcing wall
26. The point P1 is an intersection of the upper wall 22 and the
upper reinforcing wall 25 (the upper intersection P1) and the
point P2 is an intersection of the lower wall 23 and the lower
reinforcing wall 26 (the lower intersection P2).

The rear wall 21 is unbent in cross section (that is, extends
straight and parallel to the vertical line). The rear wall 21 has
an upper end portion extended upward further than the inter-
section with the upper wall 22 and a lower end portion
extended downward further than the intersection with the
lower wall 23.

The upper wall 22 includes: an upper-wall rear portion 22a
extending from the top of the rear wall 21 up to the upper
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intersection P1; and an upper-wall front portion 225 extend-
ing forward from the upper intersection P1.

The upper-wall rear portion 22a extends from the top of the
rear wall 21 diagonally downward to the front. The upper-
wall rear portion 22a is arc-shaped in cross section.

The upper-wall front portion 226 includes: a flat part
shaped like a flat plate extending along the horizontal plane
from the front edge of the upper-wall rear portion 22a; and an
inclined part extending forward from the front edge of the flat
part diagonally downward. The inclined part forms a tilt angle
ot 45 degrees or less relative to the horizontal plane.

The lower wall 23 includes: a lower-wall rear portion 23a
extending from the bottom of the rear wall 21 up to the lower
intersection P2; a lower-wall front portion 235 extending
forward from the lower intersection P2.

The lower-wall rear portion 23a extends from the bottom of
the rear wall 21 diagonally upward to the front. The lower-
wall rear portion 23a is arc-shaped in cross section.

The lower-wall front portion 2356 includes: a flat part
shaped like a flat plate extending along the horizontal plane
from the front edge of the lower-wall rear portion 23a; an
inclined part extending forward from the front edge of the flat
part diagonally upward. The inclined part forms a tilt angle of
45 degrees or less relative to the horizontal plane.

The front wall 24 is located frontward of the virtual line L
and connects the upper wall 22 and the lower wall 23. A single
unpartitioned space (a primary crushing space) V1 is formed
between the front wall 24 and the virtual line L. The front wall
24 has a height smaller than the distance between the upper
intersection P1 on the upper side and the lower intersection P2
on the lower side.

The upper reinforcing wall 25 is a part extending from the
upper edge of the rear wall 21 up to the middle in the front-
rear direction of the upper wall 22, and is located above the
upper wall 22. In other words, there is formed a space
enclosed by the rear wall 21, the upper wall 22, and the upper
reinforcing wall 25 and located above the upper wall 22 (the
upper secondary crushing space V2). The upper reinforcing
wall 25 is bent at one location so that it is L-shaped in cross
section, but may be changed to another shape in cross section
(for example, arc-shaped, straight, etc.).

The lower reinforcing wall 26 is a part extending from the
lower edge of the rear wall 21 up to the middle in the front-
rear direction of the lower wall 23, and is located underneath
the lower wall 23. In other words, there is formed a space
enclosed by the rear wall 21, the lower wall 23, and the lower
reinforcing wall 26 and located underneath the lower wall 23
(the lower secondary crushing space V3). The lower reinforc-
ing wall 26 is bent at one location so that it is L.-shaped in
cross section, but may be changed to another shape in cross
section (for example, arc-shaped, straight, etc.).

In consequence, in the bumper reinforcement R3 as well,
the single unpartitioned primary crushing space V1 is formed
between the front wall 24 and the virtual line L, so that the
front half portion of the bumper reinforcement R3 can be
made less rigid, compared to the case where the central por-
tion in the height direction of the front wall 24 is supported by
a partition wall. In other words, according to the bumper
reinforcement R3, the primary crushing space V1 is crushed
promptly and preferentially in the early stage of collision,
which allows the peak of the collision reaction force to be
lowered and allows the gradient of the collision reaction force
(the inclination of the collision reaction force-displacement
curve) to be reduced.

Further, in the case of a vertically offset collision, in the
early stage of collision, the upper or lower portion of the
primary crushing space V1 is crushed causing collision
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energy to absorbed, and then, the outer shell of either the
upper secondary crushing space V2 or the lower secondary
crushing space V3 acts to bear the collision load. Accord-
ingly, the occurrences of the phenomenon that the bumper
reinforcement R3 gets under the collided object and the phe-
nomenon that it rides over the collided object can be reduced,
and in consequence, energy absorption in the beam deflection
process becomes possible.

EXPLANATION OF REFERENCE NUMERALS

R1 bumper reinforcement

1 rear wall

2 upper wall

3 lower wall

4 front wall

5 upper reinforcing wall

6 lower reinforcing wall

8 joint wall

L virtual line

P1, P2 intersection

S bumper stay

R2 bumper reinforcement

11 rear wall

12 upper wall

13 lower wall

14 front wall

15 upper reinforcing wall

16 lower reinforcing wall

17 middle reinforcing wall

R3 bumper reinforcement

21 rear wall

22 upper wall

23 lower wall

24 front wall

25 upper reinforcing wall

26 lower reinforcing wall

The invention claimed is:

1. A bumper reinforcement made of a hollow material,

comprising:

a rear wall facing a vehicle body;

an upper wall extending forward from a top ofthe rear wall;

a lower wall extending forward from a bottom of the rear
wall;

a front wall supported only by the upper wall and the lower
wall;

an upper reinforcing wall extending from a middle in a
height direction of the rear wall up to a middle in a
front-rear direction of the upper wall; and

a lower reinforcing wall extending from the middle in the
height direction of the rear wall up to a middle in the
front-rear direction of the lower wall, wherein:
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the front wall is located frontward of a virtual line passing
through a foremost of the upper reinforcing wall and a
foremost of the lower reinforcing wall in a cross section
obtained by cutting the hollow material along a virtual
plane having a central axis of the hollow material as a
normal line.

2. The bumper reinforcement of claim 1, wherein:

an intersection of the upper wall and the upper reinforcing

wall and an intersection of the lower wall and the lower
reinforcing wall are located rearward of the virtual line.

3. The bumper reinforcement of claim 1, wherein:

the upper reinforcing wall comprises: an upper tlat portion

extending forward from the rear wall; and an upper
curved portion extending from a front edge of the upper
flat portion up to the upper wall, and

the lower reinforcing wall comprises: a lower flat portion

located underneath the upper flat portion and extending
forward from the rear wall; and a lower curved portion
extending from a front edge of the lower flat portion up
to the lower wall.

4. The bumper reinforcement of claim 3, wherein:

the upper curved portion and the lower curved portion are

each shapedin an arc curving outwardly toward the front
wall.

5. The bumper reinforcement of claim 1, wherein:

the front wall has a height smaller than a distance from an

intersection of the upper wall and the upper reinforcing
wall up to an intersection of the lower wall and the lower
reinforcing wall.

6. The bumper reinforcement of claim 1, wherein:

the front wall has a height larger than a distance from an

intersection of the upper wall and the upper reinforcing
wall up to an intersection of the lower wall and the lower
reinforcing wall.

7. The bumper reinforcement of claim 1, wherein: the
upper reinforcing wall and the lower reinforcing wall are
curved or bent in cross section.

8. The bumper reinforcement of claim 1, wherein: the front
wall is curved or bent in cross section.

9. The bumper reinforcement of claim 2, wherein: the front
wall is curved or bent in cross section.

10. The bumper reinforcement of claim 3,
front wall is curved or bent in cross section.

11. The bumper reinforcement of claim 4,
front wall is curved or bent in cross section.

12. The bumper reinforcement of claim 5,
front wall is curved or bent in cross section.

13. The bumper reinforcement of claim 6,
front wall is curved or bent in cross section.

wherein: the

wherein: the

wherein: the

wherein: the
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